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REMARKS 

By the present Amendment, independent claims 1 and 15 have been 
amended to define certain aspects of the invention with greater precision. In 
particular, claim 1 has been amended to define a laminate comprising two or more 
magnetic metal thin plates with each magnetic metal thin plate being selected from 
the group consisting of an amorphous metal plate and a nano crystal magnetic plate 
and coated with a high molecular compound. The two or more magnetic metal thin 
plates are partially in contact with one another by applying pressure so that the high 
molecular compound that is positioned between the two or more magnetic metal thin 
plates is pushed out, and wherein the volume resistivity defined in JIS H 0505 in a 
direction perpendicular to the high molecular compound surface of the magnetic 
metal thin plates is from 0.1 Qcm to less than 10 8 Qcm. Support for the recitation of 
the application of pressure so that the high molecular compound is pushed out being 
found at least in paragraphs [0025] to [0026] of the specification. Independent claim 
15 has been amended in a similar manner. Furthermore, claim 5 has been canceled 
without prejudice or disclaimer and new claims 17-20 have been added which are 
supported in at least paragraphs [0020] and [0048]. 

The significance of the presently claimed aspects of the invention can be 
understood from the description and evidence provided in the specification. As 
discussed in the background, the art has provided a magnetic metal material by 
laminating a plurality of single thin plates. In order to suppress eddy currents 
between the magnetic metal thin plates the plates have been coated with a resin to 
actively achieve electrical insulation. However, the presence of a high molecular 
compound between the plates causes the stacking factor to be lowered and, when 
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the laminate is used for a magnetic core, the generated heat is locked up in the 
laminate. 

The present invention addresses this challenge in the art and provides a 
laminate comprising two or more magnetic metal thin plates, each being selected 
from a defined group and coated with a high molecular compound wherein the two or 
more magnetic metal thin plates are partially in contact with one another. This partial 
contact reduces the temperature elevation exhibited by a core. In this respect, by 
applying pressure so that the high molecular compound that is positioned between 
the two or more magnetic metal thin plates is pushed out (as discussed in 
aforementioned paragraphs [0025] and [0026]), the partial contact of the magnetic 
metal thin plates can be obtained. 

Applicants have found that a volume resistivity in the recited range enables 
this advantageous result to be obtained. It should be understood that in the absence 
of the high molecular compound positioned between the two or more magnetic metal 
thin films, the volume resistivity would be less than 0.1 Ocm whereas if the metal thin 
plates do not contact each other, the volume resistivity would be above 10 8 Qcm. 
This understanding is further discussed in paragraph [0024]. 

The advantageous results which may be obtained in accordance with the 
present invention are illustrated in Table 1 in paragraph [0082]. As may be seen 
therefrom, when the metal laminate is prepared in accordance with the claims, 
including the application of pressure and the recited volume resistivity, good thermal 
conductivity and low temperature elevation can be obtained in contrast with the 
Comparative Examples which have a volume resistivity above and below the recited 
range. 
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With the foregoing discussion in mind, applicants respectfully submit that the 
claims now of record cannot be properly rejected over the cited prior art. Watanabe 
et al. , JP 4-170012 discloses a magnetic core formed by winding an amorphous 
metal ribbon to form an annular shape which is then coated with an epoxy resin. 
This technique provides the structure illustrated in the document and reproduced on 
page 4 of the Official Action. As is evident therefrom, the amorphous metal ribbon 
that forms the magnetic core contacts the epoxy resin coating only at the outermost 
surface thereof. The inside of the magnetic core is formed from layers of the 
amorphous metal ribbon that are wound upon each other and not in the manner 
recited in the claims with the magnetic metal thin plates partially in contact with one 
another by applying pressure in the recited fashion. Furthermore, the Examiner's 
statement that the recited volume resistivity would be inherent is clearly in error. By 
having the coating only on the surface, the adjacent windings would be in direct 
contact with each other and would have a volume resistivity that is below 0.1 £2cm, 
such as shown in Comparative Example 2. Nor would it be obvious to obtain a 
volume resistivity in the claimed range since to do so would be to completely change 
the arrangement explicitly described in Watanabe et al. Thus, whether considered 
alone or in combination with Pettiqrew et al. , U.S. Patent No. 4,960,651 , which has 
been cited for the use of a polyimide resin, one would still not arrive at the laminate 
specifically defined in the claims of record. 

The amended claims are also patentable over the combination of Pettiqrew et 
aL and Jin et al. , U.S. Patent No. 7,106,163. As discussed during the course of 
prosecution of the present application, Pettiqrew et al. relates to an antipilferage tag. 
The tag includes, as essential components, a resin substrate on which a magnetic 
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material is deposited (an amorphous metal glass) and a deactivation layer formed 

from a semi-hard material. The patent specifically states at column 1 , lines 36-39: 

The magnetic material for such tags should possess a 
high intrinsic permeability. It is desirable that the material 
additionally have low or zero magnetostriction and low 
coercivity. 

On the other hand, Pettiarew et al. states at column 8, lines 27 to 29: 

The deactivation layer must be magnetically semi-hard, 
i.e., with a coercivity He in the range 1,000-10,000 A/m. 

Pettiarew et al. also discloses that that the application of a fixed magnetic field 
to a semi-hard magnet portion of the tag is used to saturate the soft magnetic 
material of the tag and hence render it inoperative or so as to change the effective 
magnetic properties so that it is not recognized by the detection system, (column 6, 
lines 43 to 47). By employing this function of the semi-hard material, the structure of 
Pettiarew et al. can be used as an antipilferage tag. It is to be understood that 
Pettiarew et al. specifically warns that a hard magnetic material should not be used 
since the high coercivity "could lead to interference with other, non-related magnetic 
media such as credit cards or pre-recorded audio tapes." (column 6, lines 54-56). 

In contrast to the teachings of Pettiarew et al. , the laminate of the present 
invention includes two or more magnetic metal thin plates that are selected from an 
amorphous metal plate and a nanocrystal magnetic plate or a nanocrystal magnetic 
plate and a silicon steel sheet. Such materials are classified as soft-magnetic 
material. This understanding can be obtained from reviewing the attached excerpt 
from the technical literature entitled "Types of Magnetic Materials and Their Usages". 
As may be seen from Table 1 , the coercive force (coercivity) of major soft magnetic 
materials, including silicon steel and amorphous metal, ranges from 0.16 to 160 A/m, 
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which is far lower than the semi-hard material with a coercive force in the range of 
from 1 ,000-1 0,000 A/m as specified by Pettiqrew et al. 

Table 2 of the literature shows the properties of major hard magnetic 
materials including coercive forces ranging from 40 to 960 KA/m (40,000 to 960,000 
A/m). Therefore, the semi-hard material as specified by Pettiqrew et al. has an 
intermediate value of coercivity between those of soft magnetic materials and hard 
magnetic materials. In view of the specific function of the deactivation layer and the 
express statement in Pettiqrew et al. that the deactivation layer must be magnetically 
semi-hard it would not be obvious to form the deactivation layer of Pettiqrew et al. 
from a soft magnetic material since such a structure would not function as an 
antipilferage tag. In this respect, there are a number of decisions which maintain 
that references cannot be combined if the effect would be to destroy the invention on 
which one of the reference patents is based. See, e.g., Ex parte Hartmann, 186 
USPQ 366 (Bd. App. 1974) and Carl Schenck, AG. v. Nortron Corp., 218 U.S.P.Q. 
698 (Fed. Cir. 1983). 

Jin et al. does not remedy the deficiencies of Pettiqrew et al. and even if a 
proper basis for the combination exists, the combination would still not result in the 
presently claimed invention. Jin et al. discloses an isolation transformer core having 
a coil and a core member. The core member is formed from a mixture of a soft 
magnetic material and an insulating material having an electrical insulating property, 
such as discussed in the abstract. The patent further discloses that sintered ferrite is 
generally used as the material for cores, but that it has the disadvantage of fragility 
(column 1 , lines 39-59). In order to meet this problem, Jin et al. uses a mixture of an 
insulating material and a soft magnetic material with Figure 4 illustrating the 
relationship between volume resistivity and the content of soft magnetic ferrite in two 
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mixtures: a mixture of Ni-Zn ferrite with an insulating material and a mixture of Mn-Zn 

ferrite with an insulating material. In discussing these results, the patent states at 

column 8, lines 32-37: 

A mixed soft magnetic material containing Ni-Zn 
ferrite has a high volume resistivity, though it is 
expensive. It is desirable to use a mixed soft magnetic 
material containing Ni-Zn ferrite when a mixed soft 
magnetic material containing Mn-Zn ferrite does not 
satisfy a required volume resistivity, (emphasis 
added) 

Based on this disclosure, those of ordinary skill in the art would be led to the 
understanding that a volume resistivity of 10 s flcm or less is not preferred. Thus, 
even if one of ordinary skill in the art would be led to manipulate the volume 
resistivity of Pettiqrew et al. in order to control the relative permeability as alleged by 
the Examiner, such individual would be led to a volume resistivity in a range above 
that recited in the claims of record. Thus, whether viewed individually or in 
combination, the cited prior art does not disclose or suggest the invention as defined 
in the claims including how the two or more magnetic metal thin plates are prepared 
so that they are only partially in contact with one another and the specific volume 
resistivity which is attained when the magnetic metal thin plates are neither in 
complete contact with one another nor totally insulated from one another. 
Furthermore, the art also does not recognize the advantageous results discussed 
above. 

For all the foregoing reasons, applicants respectfully maintain that the claims 
of record are patentable in all regards and therefore request reconsideration and 
allowance of the present application. 



Attorney Docket No. 1003510-000165 
Application No. 10/573,707 
Page 1 3 

Should the Examiner wish to discuss any aspect of the present application, 
the Examiner is invited to contact the undersigned attorney at the telephone number 
provided below. 

Respectfully submitted, 
Buchanan Ingersoll & Rooney PC 




Robert G. Mukai 
Registration No. 28531 



P.O. Box 1404 

Alexandria, Virginia 22313-1404 
(703) 836-6620 



Date: July 6, 2009 
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IT . Types of magnetic materials and their usages 

1. types of magnetic materials 

By Sadamu Matsuda 

Tokyo CS Engineering Department, 

Sanyo Special Steel Co., Ltd. 

<Introduction> 

Magnetic materials are classified into two groups. One is soft magnetic 
materials that have lower coercive force and hard magnetic materials that 
have higher coercive force. Major soft magnetic materials are shown in Table 
1 and hard magnetic materials in Table 2. 
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Table 2. Hard magnetic materials 



Category 


Material 


Remanence 
Br 


Coercive 
Force 


Maximum energy 
Product 


iH c 




(BH)max 


Ct] 


[KA/rrO 


CkJ/m3] 


Fe — Cr — Co 


Isotropy 


0.80 


42 


40 


12 


Anisotropy 


1.00 


46 


45 


28 


1.30 


49 


47 


43 


Alnico 
Magnet 


AinicoS JIS-MCB500 


1.25 




50.1 


39.8 


AlnicoS JIS — MCB750 


1.35 




61.7 


63.7 


Alnico6 


1.065 




62.9 


31.8 


Alnico8 


0.80 




111 


31.8 


Hard Ferrite 


Istropic BaFe 12 0 19 


0.22-0.24 


255-310 


143 — 159 


7.96 — 10.3 


Anisotropic BaFe 12 0 19 
(High Energy Product) 


0.40-0.43 


143 — 175 


143-175 


28.6-31.8 


Anisotropic BaFe 12 0 19 
(High Coereivity Product) 


0.33-0.37 


239 — 279 


223 — 255 


19.9-23,9 


Anisotropic SrFe 12 0 19 
(High Energy Product) 


0.39-0.42 


199-239 


191-223 


26.3—30.2 


Anisotropic SrFe 12 0 19 
(High Coereivity Product) 


0.35-0.39 


143-175 


215-255 


20.7-26.3 


Rare Earth 
Magnet 


Sm 2 Co 17 


1.12 


550 


520 


250 


Nd 2 Fe 14 B 


1.23 


960 


880 


360 



0 Soft magnetic materials 

Soft magnetic materials include crystalline materials such as silicon steel shee 
ts, permalloy, sendust and ferrite, and recently developed amorphous alloy and 
nanocrystal alloy as noncrystalline material or microscopic texture material. 

1. Silicon Steel Sheets 

There are two types of silicon steel sheets. One is grain-oriented silicon steel 
sheets and the other is non-oriented. Grain-oriented silicon steel is manufactu 
red with an Fe-3%Si alloy by rolling and heat treatment. This type of silicon 
steel is used for magnetic cores of transformers and electric motors with low 
iron loss. Non-oriented silicon steel is used for rotors of generators and 
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electric motors. Recently 6.5%Si material has been developed by treating 3%Si 
material with CVD, which is used for high frequency. 

2. Permalloy 

An alloy of Fe-30— 90%Ni is called permalloy which has high permeability. 
Electromagnetic characterization of permalloy varies largely with its Ni 
content and thus permalloy of different Ni contents are used for different 
purposes. 40— 50%Ni permalloy is used for magnetic heads because of its high 
saturation magnetic flux density and 70— 80%Ni is used for transformers, 
magnetic heads, magnetic shields, etc. because of very high initial permeability. 

3. Sendust 

An alloy of Fe-9.5%Si-5.5%AI is called sendust which has high permeability and 
low coercive force as well as excellent abrasion resistance and thus it is used 
for magnetic heads. 

4. Soft Ferrite 

Soft ferrite is a chemical compound of Fe203 and divalent metal oxide MO with 
the chemical formula of MO • Fe203. As it has remarkably high specific 
Resistance, it has small eddy current loss and is used for magnetic cores for 
high frequency. 

5. Amorphous Alloy 

Amorphous alloy is an epoch-making soft magnetic material with zero magnetic 
anisotropy and excellent magnetic homogeneity. It has been developed by liquid 
rapid cooling and sputtering methods. 

Liquid rapid cooled Fe amorphous sheet having its basic composition of Fe-Si-B 
is used for magnetic cores of electric power transformers because of its large 
saturation magnetic flux density and small iron loss. 

Liquid rapid cooled Co amorphous thin sheet whose composition is Co~Fe-Ni-Si-Bi 
as zero magnetostricion and is used for high frequency inductors and 
transformers 

and magnetic heads in kHz zones because of its low coercive force and high 
permeability. 

Sputtered Co amorphous thin film is suitable for the material for such thin film 
magnetic heads for high frequency zones of MHz as would need high saturation 
magnetic flux density because this amorphous is stable up until high Co density 
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compared with liquid rapid cooled amorphous. 

6. Nanocrystal Alloy 

Nanocrystal alloy is an magnetic material with its crystal grain diameter of 10—20 
Having high permeability and high magnetic flux density. 

Typical ones are Fe-Si-B-Nb-Cu thin film which is manufactured by annealing and 
nano-crystallizing liquid rapid cooled amorphous and Fe-M-B (M: Zr, Hf, Nb) thin 
film, which is manufactured by nano-crystallizing sputtered amorpgous. The former 
is used for transformers and the latter for magnetic heads. 

7. Metal - Nonmetallic Nanogranular Soft Magnetic Material 

This is a magnetic thin film made from such insulators as Si02, AI203, etc. in 
which ferromagnetic metal such as Co or Fe is precipitated on a nano-ievel. 
This material, having high saturation magnetic flux density and high electrical 
resistance, is expected to be used for superhigh frequency inductors, superhigh 
frequency power transformers • filters. 

O Hard magnetic materials 

Hard magnetic materials include Fe-Cr-Co and alnico types as metal alloy, Ba 
and Sr types as ferrite and SmCo and Nd~Fe-B as rare earthes. 

1. Metal type Magnet 

Magnet made with Fe-Co-Ni-AI is called alnico magnet, which usually is made as 

casting. Coercive force is based on ferromagnetic phase a 1 (Fe, Co) which is 
precipitated by heat treatment. 

As temperature characteristics of its remanent magnetic flux density are stationary 
this magnet is used for precision measuring-devices, etc. Another magnet that 
has the same mechanism for coercive force is Fe-Cr-Co magnet. This magnet 
has toughness in a state of solid solution and thus can be rolled, drawn, etc. 

2. Ferrite Magnet 

Ferrite magnet is a type of magnet made from magnetite-type chemical 
compounds with the formula of MO • 6Fe203 (M=Ba, Sr). This type of magnet, 
though its maximum energy product is less than that of the rare earthes types 
of magnet, is most used as magnet material because of its excellent cost 
performance. 
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3. Rare Earthes Magnet 

Since the first rare earthes type magnet Sm-Co magnet was developed, 
Development of rare earthes magnet has been advanced resulting in drastically 
Improved maximum energy product. 

The maximum energy product of Nd-Fe-B type sintered manget amounts to more 
Than 400kJ/m3. The Main type rare earthes magnet is Nd-Fe-B, which is used 
for MRI and VCM. Bond magnet made with rapidly-cooled powder has been 
developed as well and is used for spindle motors and others. Now Sm-Fe-N type 
magnet is also studied as a new type of magnet. 

As for how to improve magnetic characteristics at manufacturing stages, there 
have been such proposals as a method of miniaturizing crystal grain by treating 
Nd-Fe-B alloy with hydrogen absorption and discharge (HDDR method) and a 
method of improving degree of orientation and magnetic characteristics by 
combining degree of orientation of powder by pulse magnetic field with Nd-Fe-B 
magnet and hydrostatic molding with rubber mold. 

Further, studies are going on of a new concept of nano-composit magnet 
(exchange-spring magnet) as a product to be made by combining soft magnetic 
property as in Fe3B and hard magnetic property as in Nd2Fe14B. 



5 



n 



uc 3jc cs <*«f « m ffl 



S/itr 

m 



o *ummm 

ft ^oiil^lMIIW^^ & o 
1. &$Mtii 



**'*4. 2ffilte&*«MEttFe -3%Si^*C 
EEM, ^Stc J; 19 »j6S*i*o«»*VN$ < & 

it 3 % Si ommz CVD "CMS L 6.5 % Si fart* 
2. A-7P1' 

Fe - 30 — 90 %Ni^&T?fl{V^ afift^sSrt 

Lt*^ <*ib&wcifl«iKi6;tfciftja 
W&O7H£ffi£ft&o40~50%Ni(±, #^i^fa 

y KfcttfflS*l*o70~ 
30%Ni tt<S*n«JK*fltl±fiv^*, tOStt^c^S 



X 1 ft*Wftft*t«tt*J-» 







m & 


Mi 


M max 


Bs [T] 


urn* 

He [A/m] 


[//Qm] 






Fe 


300 


8,000 


2.15 


64 


0.11 




Fe-3Si 


1,000 


30,000 


2.0 


24 


0.45 




Fe-3.5A1 


, 500 


19,000 


1.51 


24 


0.47 




Fe-16Ai 


3,000 


55,000 


0.64 


3.2 


1.53 




Fe-50Co-2V 


650 


6,000 


2.4 


160 


0.28 




Fe-9.5Si-5.5Ai 


30,000 


120,000 


1.1 


1.6 


0.8 






Fe-45Ni 


2,500 


25,000 


1.6 


2.4 


0.45 


78'*— 7D 4 


Fe-78.5Ni 


8,000 


100,000 


0.86 


4 


0.16 




Fe-79Ni-5Mo 


100,000 


600,000 


0,63 


0.16 


0.6 




Fe~77Ni-2Cr-5Cu 


20,000 


100,000 


0.52 


4 


0.6 




Fe-79Ni-9Nb 


125.000 


500,000 


0.1 


0.16 


0.75 




Mn-Zn 7x7^ F 


32MnO-17ZnO-51FeaO:i 


1,000 


4.250 


0.425 


19.2 


0.01 ~ 1.0 
[Qm] 


Ni-Zn^xv-T h 


15NiO-35ZnO-51Fe a O« 


900 


3 t 000 


0.2 


24 


10 :, ~10' 
[Qm] 


Cu-Zn 7x70 


22.5CuO-27.5ZnO-50Fe2O:. 


400 


1,200 


0.2 


40 


1000 
[Qm] 






Fe-5Si-3B 


5,000 


500,000 


1.56 


2.4 


1.3 




Com-Fe 1.2-Ni i^-Si it)-B*» 


120,000 




0.54 


0.16 





2002^6 



11 



m 2 ixm^w0.mmm 









«»» 








131 


.He 1 


B Hc 


(BH) max 


fTl 


[KA/m] 


[kj/m 3 ] 


Fe-Cr-Co 




\J,0\J 


42 


40 


12 




1.00 






28 




1.30 


49 


47 


43 




7^35 JIS-MCB500 


1.25 




1 

DU.l 


39.8 


7ih-TR TT^-MCR7S0 


1.35 


— 


61.7 


63.7 




r;i/^3 6 


1.065 




62.9 


31.8 




T )1y " T ft 


0.80 




1 1 1 


31.8 


7x7 t 


BaFeiuOi^^tt 


0.22-0.24 


255 — 310 


143—159 


7.96 — 10.3 


^ ) pjj >- 1 — ■ / y* >V ~X / f.Fl£fct/ 


0,40-0.43 


143-175 


143-175 


28.6 — 31.8 






0.33 — 0.37 


239 — 279 


223 — 255 


j.y.y ao.y 




SrFe.20»»S^#l/Vi4 
(«x*;v^rMKSl) 


0.39-0.42 


199-239 


191-223 


26.3 — 30.2 




SrFei*0»»*;ll*tt 
(S5«W*ffl) 


0.35 — 0.39 


223-279 


215-255 


20.7 — 26,3 




Sm-iCoi? 


1.12 


550 


520 


250 


NcLFewB 


1.23 


960 


880 


360 



3. iz>#X b 

Fe -9.5% Si - 5.5% Al fcft^&JjE t "t hiS 

4. l/7h7i7'fh 

V7h7i9'f Mi Fe 2 0 3 £ -flSO&JRBMMJiJ 
5. 

7t/l'7T7»f, Co1X^7^7€;1/7tX 

Fe T * * 7 

r*»»»±, Fe-Si-B L, ttfflttft 

MM Co $ «t#3ft*fr 7^^7 7X» Co- 
Fe-Ni-Si-B ©^^-elSv^I* i « v > Sr * 

•TS c0^kHz«cDi65J§]r&'f > 9, b?> 



ft'*?* Co it?7**7 7X J&^fe-f 2> WT? 
Attf P i&Jfc^ IS * «J2-5? t t MHz co US J3 

6. 7-y$S^^ 

7- 7 ttft-fr*tt«fti&ft* t 10 ~ 20nm <DWeM 

3R--c*i) , itsitw> ft* 

ffij & U ^7 ; E)V7 7X^ &ft L -C t 

/ *SiSMb L Fe-Si-B-Nb-Cu^if^ fcX^-;?? 
*>V7 r X^T-^ij^^'fbt^Fe-M-B (M : Zr. 
Hf, Nb) »»&j&*fc&o HtMttth?^** 

mm 

£ *l tt, SiO* ^ A1 2 0 3 ^ <7) Co ^ J Fe 
til h7^x-7-f ;v^-^Iffl«?i l 

& o 

O WKSBfeMsm 

W\ ^t^tlTSmCo^, Nd-Fe-B^^ : 



12 



4» » M 51* 6iJ- 



90, 000 
80, 000 
70, 000 
60, 000 
50, 000 
40, 000 
30, 000 
20, 000 
10,000 
0 * 




120, 000 

100, 000 

_ 80, 000 
E 

60,000 

fm 

w 40, 000 
20, 000 Jr 



1991^ 1993^ 1995^ 1997^ 1999^ 




199W 1993^ 1995^ 1997^ 1999^ 



Fe-Co-Ni-Al£3fe^K: LfcMttT/l'-aaflS 

k n ati, ±a t * & -cfe *i & 0 « & 

»au«t »J*fffi^ &Mttffla 1 (Fe> Co) CI 

ho 

7x ^ HKEfiMO • 6Fe 2 0.- t (M=B 3 s Sr) 
-* l±#±*«:m£ 14 R & V > tf« 3 X h / * 7 * - 
3. #±H^5 

**K^*±*«5*C*SSm-Co*«5^Will 



Nd-Fe-B * OflMSHKE f± flt:*;^ * )V \± 
400kJ/m 3 PA±1<zm-f2> 0 <ft±m (D ±m \± Nd-Fe- 

ifcNftAfflWSm-Fe-Ntfj&HPrLVHRSfc tT 

T , Nd-Fe-B MLife ffi &jSS t«IL 

T«ffl,*4*«Mfflf[:-rs^ (HDDR&) ^Nd-Fe- 
B ftft X' n° )U x a# tc J: £ ^oiBlq] t =f A SI K 

t Fe 3 B *WV7b NdsFewB ^ CO y n - 

1 &kwtv>& 0 



2002 ^ 6 £1 



13 



2. Tk'Amswn 

(l) #±«s 



H A & « <*> Li £2 

£1 7K St % 



£ ** £ 

* ±««S i± , 1970 ¥ it <DM*hfrh% ffl lb $ ft 

m ^ * x m 5 w «• & * o *t '« w k w 

SmCo., SmaCo.rfc X Nd-Fe-B <0 3 ftUfl-W $ 

ft, M-is t#> vmmnm^t^ir & o 
mm&i5im-*&&&^irm $ ft , k whs 

#m -e f± * ±*wre <r> mm t mm m k o v > t$ 
o *±»«SB<o«Bi n 

±ffitttf3'C^ C(BH)max) (± 160kJ/ 

m » «JTt»* S MWI; "CHS vM* W14 & 

%> o 

sntaCoir^jftttaiEti** y -^*«ifis < , « 
tj (Hcj) • nmrnKz^x^-e, mm 



ASfftWfl-t?* & o Nd-Fe-B $4ft£lKfi(i 
(BH)max^<> Co^****^&V^l6 (Co* 

Nd-Fe-B '^i^TO O HcJ ti Nd * Dy ^ It 
(Br) liUTF-f -t^JH^c^lBT?, Hi:' 

3*1- j; ^ Hcj * # < <?>wmm* mm 

«f « & -em** * a v v^^-e * * ^\ Att# 



1.5 

1.4 

£ 1.3 
PQ 

1.2 
1.1 
1.0 



* M.OP (Horizontal) 
— Conventional (Horizontal) 

V, <EM8CH 



48AH 



47 AH 




40DH ^38FH 

366F 

32FH 




* 1 



1,200 
121 1 



1,600 2,000 2,400 2,800 
iHc(kA/m) 

(BrfcHcJ 





(BH>max(kJ/m : 0 


HcJ(MA/m) 


w ft 




SmCfetttt 


159 


1.6 






SirhCoir*** 


239 


0.6-2.0 






Nd-Fe-B Mitt 


318-398 


1.2-2.8 






SiTbCoi7^> K 


119 * 


0.5-0.8 






Nd-Fe-B K 


80 


0.8 






Sm-Fe-N#> K 


103 


1.2 







14 



51 « 6 * 



o 7Kxm-&<Dmm& 

$<d mmti>nt>i%, ism*- * * & mm*- * 
?$>& 0 a ~ u > v <D-m^mw tmmtDfflm'F- 

iWttBO-CXe — -t-^VCM (Voice Coil 

lb tlX V »5 \i * ;V ^r-ifft * ^T"f & MS 

m^HcJ I"*** J^HcJ^SJK^itWHfcL 

HdJMR<&IB«5S-e**„ 
"HdjferB*«»«50»-frtt«fflai<l|»c iot 

LT(±Nii6o#, i«yn-K Al 7 n ^ 

•it&o 

54* y- y rmxhh tztb, Hcj «t o 

2002^6 £ 



#1- & o t±«te!5 W f T» Nd-Fe-B $ <Dm 
MM o - ? K# ^X j£* &&ir h o X > KM 

O Rfif^S 







8 

« 0 

" 8 o 




















8 

1 ^ 
« o 

" 8 c 






































30 60 90 
ftS (DEC) 


) 30 60 90 
ftK (DEG.) 



H 2 PJfir*t#±«fiS5W»^B:*te 



15 



rt«ft<,IBHlSHPfc LT#- ft*, 
ti ? £>* 

#±»* A«5 fc HI 1 fltft o SmCoa 5&<0fl §§ £ n 



# m x nt 

ttifSfflJ (1999^ 5 fl) 
2) fiffl, if5«, H^^: : trij*^ 38 (1999) 148 
3 ) R.J. Parker : "Advances in Permanent Magnetism" (Jot,,, 

Wiley & Sons, 1990) 

(ClSfflJ (2001 ^ 10 fl) 




16 



W * * 5U 



6 * 



i 

J 



( 2 ) ftjg • Eh» 



5 f |i i ($0 -5»_i « *S A'O 

$MB««fWf ltff» ft ffl 7i 8$ 



S *. ** * 

-HUM-, »aH»5»±T^-3»5fcFeCrCo*8 

tiX^tLtzi)^ : MftX*\±s FeCrCoMs 

,5 o -f , FeMnl5, MnAlClSi: 4 to 

J:^ H1998#iCJIS# s c&lE£*L-CV^-to 
gt?{iT;V-=Jae> FeCrCoiS, M>f*n-f 



NKSSW | 
<I.M IHM y?C<> 7[i)J 



Ahil<:(. n 1 
MAI IHM afiCn HTI») 
tco 



Ainico Z 



Co 



Ainico 4 K 
Jt:'.\l 7HM RC'o)/*" 


Ainico 1 

UJtAI 21 Ni ol'n) 


t Co 


MKfH {>. 

S\?\\ 25NI). 


Alnir.o .H ] 
U2AI ZtiNi iCu) 





AlnicoHHC ] 
(HA I HNj »HCo :u'u KTDj 



HAI HM »KC'o iU'ii i 

{ co/n 



Alnir.o 8 

(7AI -InM-HnC'u IC-ii 3TU 



-Co_ 



JAIiiico 7 

l(8AI I8NI ;HCo »Cu 



MM 



Ainico 6 

(8At iftNRMCo -:<r'u-rn). 



Til 



Ainico 5 

IHAl IIM-JWOo IK'u) 



-> |AInico 5DG [ fr |Alnico 6CoT 





[Fe-230o-3ICr ] 






I MO 


-fv[Fe-nCo-28Cr-3Mo] 1 




[Fe-l5Co-22Cr 


FeCrCof&tt j 








[Fe-12Co-25Cr 




mo 






[Fe-IOCo-2GCr J 





m 1 T)V-^m~fi, FeCrCofgffi^ME) 



fl%mit^flX^t-fo T)V—uW^t FeCrCo 

^*ttr/U~3«5»-ttCo«r 0~13%-^frL 
tz Alnicol ~ Alnico475 s $) lj t "to ?8K£C#1&ti:& 
i*L<>J*< «3 t*^Alnico3l±Co£#£f\ 

2. T'Jl'— 3 5 ^5 

Fe-8Al-14Ni-24Co-3Cu £-ft? 
)V-35ffitt. Alnico2&i 

v > x ^«tfC*5 & < fltJB $ iHT v» 4 

tttJRfi^U**" & £ 1 i *) (Alnico5DG, 
Alnico5Col) ^ fl^ft^lfij-t L 4 

"t (79kJ/m'0 o 

3. ?;i/_3 8l5 
Fe-7Al-15Ni-35Co-4Cu-5Ti Sr ft^lJft 

Co^i^jptTi^^inbrv^i-o 
^MJi^8oo°c#iao^Jt*^^^a 



-t> [AInico 9 



2002^6 



17 







(BH)»« 


Br 


Hcj 


a (Br) 








if? m 


(kj/m : 0 


(T) 


(kA/m) 


(%/K) 


(%/K) 


flLK (°C) 


W ft 




T )U — 


12 


0.65 


40 


~ 0.02 


+ 0.03 


550 






r;i/^n 5 


44 


1.30 


52 


-0.02 


+ 0.03 


550 


BrKv> ~— ' 




T /l^ — -J O 


44 


u.yu 


1 9A 


u.uz 


4- Afl^ 
» U.Uo 




w.hi«xci t, (I Hp + 




FeCrCo 


44 


1.30 


48 


-0.03 


+ 0,04 


500 






FeCrCo 


44 


1,30 


48 


-0.03 


+ 0.04 


500 




7x70 


Sr 

7x7^ h 


36 


0.45 


280 


-0.18 


+ 0.40 


250 






SmCo 


240 


1.12 


840 


-0.03 


-0.25 


350 


(BH)-* ^ 




NdFeB 


400 


1.45 


880 


-0.11 


- 0.59 


150 


(BH)„,„^ - 



r ;u - a 5 t m n k > m'Mmm. * munt 

(96kJ/m»)o Co t Ti bKWiMZlk 

(38Co-8Ti) s Umtl £ 150kA/m JilX bLtzi>(D 
i>*>IOt~? (Alnico8HC)o 



O 



FeCrCo flB?J»i 1971 ^^Hfr^ik £ U «t •? ffe 
W $ tLfc Fe-23Co-31Cr * g£ Kflf« Rg% $ *l 

-e -t o m % M w ti Co #*r« *« r jv - 

3 5 b m g* <0 20 ~ 25Co W« l:o^Ti 
I fl*J ;*» <b 15Co COM i:ov>t W%*«ff *> fls Co 
cofilH&Wfrti^ Lfeo 

m^T-fi, Fe-(8~15)Co-(21~28)Cr 
JSiU 7^-3 5Kh ^f<ol^fi s # 
tt%>i><Db, i&mt}*±£ <"t&fc*UCo*JK 
UU L Mo * vl^O L fc i) 4 -To »flcfl:*fe9l 
* W lb K i" & * Vs Al * jfiftn 1 0 » >F*M*J 

wc^N*H56 , t-*fc»^ < n*«iiiinL"rv^i-o 

FeCrCo M{±T;V- 3 5 TO t Jfc^Co£"# 
*>i*l/2~2/3t?*)-6/i*i), ffitft^ 'J v 



*SSl<7)?SB[^-C* S NdFeB^TJ ^ Br 
»»±- 0.11 %/K "PTA'-alHW 5 ftfcg<, 
4 , He CO iBLJKfR m^> ? - 0.59 %/K fc ± # v ^co li 
^jfett^W L**W*C"t (loot; wa«f±#-cfli 

<D'&mmu^ + oao%/k biEo±^ ^mwh 



t? f 

FeCrCo TOC0#»-ei- o C n <b 

i d - K E it L T & h WRW*> h b J& v ^ to 



18 



W « fl^ 51* 6t 



( 3 ) y m. fi 



% & m m m) * * *> <■< ™ &u 
w.-?mrm M^ffi >S EE 



O #>KWB«)iJJI 

Z>1)\ (BH)max^-* 2MGOefc®V> 0 
(BH)max j5< 6 ~ 25MGOe O $£ ffl £ Jjgffi L T V 0 



* 1 ft^W*>K> KflS^olf14t*aw&fl8^ui». 



1$ » 






* » 






W ft 


JE* 






(PVC> CI 


A 

d En NBR) 


(12±4 D > x pps) 








K ft 












»*« 




HUM* 




Br(kG) 


2.3 


1,5 


2.8 


1.5 


2.9 


10.5 


7.7 


8.2 


5.4 


bHc(kOe) 


2.1 


1.3 


2.4 


1.2 


2,2 


8.5 


6.4 


6.5 


4.3 


iHc(kOe) 


2.7 


2.7 


3.2 


2.4 


2.5 


14.0 


9.0 


12.5 


9.1 


(BH)max 
(MGOe) 


1.3 


0.5 


1.8 


0.5 


2.0 


25.0 


12.5 


14.5 


6.1 


** (g/cm'O 


3.7 


3.7 


3.7 


3.5 


3.7 


6.4 


6.4 


5.1 


5.1 


« jft 








o 







2002 -fp 6 H 

19 



& 7L ft % 

*s is*p, ^n'«5^)i^#ttii (bh) 

max25MGOe" £ TiU L 
5/100mmJa.TWiS5Tj*fe»JK*»^ri6, (D^tt • 

iw * v %o *c«s»T?!fi5>5s t & %> mm it * /< - ^ 



t 



I9» 



•ffiic J: •) iSfc* * ^ fift/STl^ . b 

K l± 150 ~ 180 °C iff & "C * & „ 

it x. tfb JfrR * K x. & &3L & IMir 
*M -C* & oWfc # > K«fe" tt , 

o ?K>K«P5<D«axe 

#fli * ttffl L T v ^ fc x -7° /u 9 f f - - off ftJ 

S2t; 2000 ^otitW-o »k > KMM&f (*j 
<t ^li 1 " *^i"o 1H:#Otfj*««tt 1,10011; 

tf> & o 41it1i7x7'f h ^ ri< 97 % -e # ±m 

13 *f±»tf>i& 30% t r v £ o 

*£*0 h 7° £7A feilft *J v * r [±if 111 > 
7yT-e50%*i&J6t^So 7x7O^<0 3* 



20 



3? 2 |£-^0>K> K«ew^H&«4:* 



(ton/ipj 





7x7^ h * 


»±SH* 


ft nt 


Mft 




mm* 4? 


Wffi ^ -f "/ 


II * 


56 (9,400) 


147 (9,500) 


116 (700) 


319 daeooT 


* N 


119 (23,400) 


95 (5,100) 


42 (400) 


256 (28,900) 


Ift Wl 


102 (35,000) 


39 (2,100) 


67 (350) 


208 (37.450T 


r y r 


36 (9.900) 


47 (5,100) 


62 (1.230) 


145 (16,230) 


<|i Nil 


42 (11,200) 


11 (1.500) 


69 (620) 


122 (13,320) 


-t <?> m 


36 (10,800) 


12 (900) 


25 (200) 


73 (11,900) 


ft HI" 


391(99.700) 


351(24,200) 


381(3.500) 


1.123(127,400) 



(1$ : llOfflj 

t? f t>' 

flftC ti s - 't ti If A ^ (i fc*/Jx|Bf K# 

- ^^oiiffl*#x.^J§frtc, -»^tL^f®5w 

v ^ iwj wi m * & o «j > yj&WLX- & h o 



200a 



# % X itt 

1 ) Y. Honkura : Intertech Polymer Bonded Magnets 
Conference 

si rom«« •: i-i*u»m«*fltfttpi2owiif«ftfftt« i2l>1 

P.5 (2001) 



«i< m 5i t 



